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Outline of the lecture
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A& %~ Measuring Human

= Human Vision System

ARt Y/ Visual Sensing

RAE T4 RT LA Visual Display

FER. R A 2271 —X 7 Auditory Interface
fihE ., R A 2T —X “Tactile Interface
NE. WEAFT—X “Haptic Interface
BEIRRTE A 27T —X “Locomotion Interface




TODAY’s TOPIC

1. BERERR D AH=X L Locomotive perception
mechanism

2. 1T R {2~ How to present Walking sensation?
3. EERRT IR R How to present Riding sensation?
4. B RIEZ &[T H5\ A Why are they so HUGE?




BENXR %% & KD
Locomotion: The last the most dlfﬁcult

I:EHIJ P‘EE 'ES I.J.I..IE'EH h F]!HEIIJR‘H[
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B
https://en.wikipedia.org/wiki/The Matrix https://en.wikipedia.org/wiki/Ready Player One (film) https://en. Wlklpedla or,q/w1k1/Sw0rd Art_Online

RE-FERE-ME . INFTRALIETEEMLGVRERISMENSH
=AY Bkta =Y H G0 !

We can not make the “matrix” world by simple visual, auditory 2 1d
tactile display. Something 1s missing.




B EIEE ? Locomotion?
£ 5 R Combined sensation N

» 1T/ Walking
— fil® ~Tactile sensation
— AT .Force sensation

— JN3EE . Acceleration
(RIEEZS E .~ vestibular)

— HEE Velocity
(FREMA T T4H)LTA—.Visual stimuli, or “optical flow”)

& EBL ~Riding
— MNERE ~ Acceleration
— &R[E “Velocity
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Velocity cannot be measured by internal sense
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2018@SanFrancisco

—EERFEDINRIL, EEODIRRE, MERIZRAADHEL.
FoT, BEMFLAN(FTTAHNLTO—) NREGFHMY.
Constant speed situation 1s physically equivalent to speed=0 situation.
Therefore, Optical flow 1s the only cue.



*E'Tt S EFHIF (Vection)

A ke o v B mT
A : :

. EELTLAESHEEHNESNY FTTAHILTO—) D, FHEEE B 5 AGE
LT DES (A1 (ox h— A TBENBE%R 5. SFIRE DT — 715 H)

«  From moving visual cues (optical flow), the observers themselves perceives as if they are in motion.



(BZZ . B)LoFX1S5LXZHAVWV-5TEE

a7y

M. Furukawa, et al. ""Vection Field” for Pedestrian Traffic Control", Augmented Human2011.

« BHWSITEEZDET HNI Y 3 VGO,
c LyFHXasLryXEAV, SR E KREALEEFZ R,
« RERF>HTEHEOBETICHREL =Rz eEER IR,



D REEIZKDHNT 32 Vection by other modalities

BERMEARIIIV HIRAROIZE

The effects of linearly moving sound 1images on self-motion
perception, Sakamoto et al. Acoustical Science & Technology (
2004)

Seno, T., Hasuo, E., Ito, H., & Nakajima, Y.
(2012).Perceptually plausible sounds facilitate visually

induced self-motion perception (vection). Perception, 41, 577
577-593593.

RICKDRERERREEANI VAV :

Self-Motion Perception Induced by Cutaneous Sensation
Caused by Constant Wind.; Psychology, Seno et al. (2014)
IRBEENIIVDEEER, R av FREICEEE5255:
HMDiR RICK DRI L3V RIFHERTRFDMNTHIFEEF
FIZEEY 55T, BEM. BARVREZHHG5(2019)



Auditory vection
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Bi-modal vection
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(CHI2011) Bernhard E et al, Spatialized Sound Enhances Biomechanically-Induced Self-Motion Illusion (Vectibh)



DEIFEEZSE Vestibular System

The Internal Ear

W)

https://en.wikipedia.org/wiki/Ear

RN S D, Cristae within ampullae
—_— s faran
*fﬁ IR 2 (AL D)
Semicircular ducts i

Vestibulocochlear

Anterior nerve

Lateral

Posterior.

IVMZ .~ Oval Window
(hFEMNDARN)

1FAZ . Round Window
Vestibular duct

Sensory Complex:
e Angular Acceleration

 Acceleration
Cochlear duct

- Bony labyrinth

- Membranous labyrinth

 Sound
Tympanic duct

Cochlea




F B Semicircular Canal

https://en.wikipedia.org/wiki/Semicircular_canals

o BARDIVUINRIZHEI=ENT-FER/ (7.
Three round “pipe”, filled with liquid.

« AMERENELZESE, NMTHDOFRAELFZEL, HEHEAES)

When angular acceleration is applied, liquid moves, and hair cell is activated.



£ 25 otolith (BkF 28+ L BRFSZE Saccule & Utricle )

Otoconia

Utricle or Saccule
-3-"‘—‘:: "_‘_“_‘_-:‘-h_h‘-‘“-"""'-_""'-.,

— _—

"*“'";fﬁﬁi;‘é?ﬁ’;.ﬁ_iiiﬁ%";‘;"
- j Hair Cell Filaments
Utricular or Saccular Nerve

Cupula

https://en.wikipedia.o

rg/wiki/Saccule Macula

o JUNEDET-ENT-F—L_Dome filled with liquid.
- BEMREOLOM (AE))NMREICKVEE, HEEMEINEE

Acceleration is applied, weight on hair cells shift, activate hair cell.
- MEMRE (FH) Y. Accrleration, or “Gravity” sensor.
- KE FEMRE, PEE KEMEE

Saccule: Vertical Accel. Utricle: Horizontal Accel.



TODAY’s TOPIC

1. BERERR D AH=X L Locomotive perception
mechanism

2. H1TRAEIE R How to present Walking sensation?
3. EERRT IR R How to present Riding sensation?
4. B RIEZ &[T H5\ A Why are they so HUGE?




SITREDHI
How to present “Walking” Sensation?

« BHEH. /\v T / Footstep, Passive a
 51T7HllfE] / Redirection -

e FLYKZ)L / Treadmill
o« IE55AY / Wearable

e A5 / Application

RII DM 2 FEIEHIZ L5 5 : Nilsson et al. Natural Walking in
Virtual Reality, Computers in Entertainment 16(2):1-22 - April 2018




RE i+~ Just Footstep

\

https://youtu.be/J8YVKIXFmTs?t=702 https://www.youtube.com/watch?v=AbvP21 1 nh8s&t=86s
vRoad Runner, IVRC2002 Classic Game Room HD - WALK IT OUT! for Wii review

* The user make footstep on the (turn) table.
* (The table slowly rotates, so that the user’s direction 1s returned.) -



FLZZE &S Walk up the ladder
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Figure 1: Users climb up with March-and-Reach by grabbing a
virtual rung with two buttons, and then raising and lowering a foot to

virtually step up on the next rung. The transparent red shapes
represent the user’s virtual hands and feet.

'L EEEN T EEEN
Figure 2: Users climb down with March-and-Reach by grasping a
virtual rung with one button, and then raising a foot to virtually step

down to the next rung. Once the other foot contacts the rung, virtual
travel stops until the user’s raised foot returns to the ground.

(IEEE 3DUI2015) March-and-Reach: A Realistic Ladder Climbing Technique, Lai et




(SIGGRAPH ASIA2018) FiveStar VR: shareable travel experience
through multisensory stimulation to the whole body, Shimizu et al.

Travel experience

Distilerry bistock district
F4Ar2UNREKE

CSan
- L
_'F:V:"

FiveStar VR is a multisensory virtual reality system that enables participants
to relive other’s behavior.

https://www.youtube.com/watch?v=mOS5JIBSZ3c
o BERY. BIRYZE/ VI DIZEIR, thIZERR. HMDE,

*  The body parts are forced to move, which are synchronized with those of an avatar in VR.



MERTICEHSITREDONRE
Around-head haptics for walking

https://www.youtube.com/watch?v=dkcQOIJSqYE

OUR SOLUTION

Microcontroller

Elastic Band

Vibration Motor

We proposed WalkingVibe that provide vibro-tactile feedback on u

https://www.youtube.com/watch?v=0XvcKOBGF g

(IEEEVR2019) PhantomLegs: Reducing Virtual
Reality Sickness using Head-Worn Haptic Devices
Shi-Hong Liu, Neng-Hao Yu, Liwei Chan, Yi-Hao
Peng, Wei-Zen Sun, Mike Y. Chen
SITOREZIEOTOLANIZMCIETIRRALT
VREFNE BRI

(CHI2020) WalkingVibe: Reducing Virtual Reality
Sickness and Improving Realism while Walking in
VR using Unobtrusive Head-mounted Vibrotactile
Feedback, Yi-Hao Peng
IRENFICK>TVREMNEERR



(CHI2020) Miniature Haptics: Experiencing Haptic Feedback through Hand-based and
Embodied Avatars, Bo-Xiang Wang;Yu-Wei Wang;Yen-Kai Chen;Chun-Miao
Tseng;Min-Chien Hsu;Cheng An Hsieh;Hsin-Ying Lee;Mike Y. Chen

R T L8 T T Ar T T F T T Eae T T Ty e ey ) S
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. https //WWW Voutube com/watch“7V _160 F2Gzlm0 A

« T—LPDFXNTUR1—HFDFHEITHIEIE., FHRICHMEI—F/NyD
ZITHICETENTV2DBARADMTRIR TR E T S,

* By mapping the character in the game to the user's fingers and providing haoth,
feedback to the fingers, walking sensation is provided. D




SITREDHAH
How to present “Walking” Sensation?

« BHEH. /\v T / Footstep, Passive a
« 4T7H1H / Redirection -

e FLYKZ)L / Treadmill
o« IE55AY / Wearable

e A5 / Application

RII DM 2 FEIEHIZ L5 5 : Nilsson et al. Natural Walking in
Virtual Reality, Computers in Entertainment 16(2):1-22 - April 2018
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REICKDIF AL U3 Redirected Walking

=0,

Raal Path ; = (a) Before Scene Change (b) After Scene Change

* Neth.:Velocity-Dependent Dynamic Curvature Gain for Redirected Walking, IEEE-VR2011
* Suma: Leveraging Change Blindness for Redirection in Virtual Environments, IEEE-VR20 11

HMDEIEEZ>ZYBA L TRON - EREERSTERISTS.




AREKETRIICE D) FZ ALY arDANAME

More robust redirection by eye movement

https://www.youtube.com/watch?v=BAur1X523wg
= (SIGGRAPH2018) Towards Virtual Reality Infinite

(IEEEVR2015) Subliminal Reorientation and Walking: Dynamic Saccadic Redirection, Sun et al.
Repositioning in Immersive Virtual Environments
using Saccadic Suppression

¢ By —RBEHEAEAES AL TRADNAENESIZT S

* Rotate the scene during saccadic eye movement.




(SIGGRAPH2018) In the Blink of an Eye: Leveraging Blink-Induced Suppression for
Imperceptible Position and Orientation Redirection in Virtual Reality
Eike LangbehnFrank SteinickeMarkus LappeGregory F. WelchGerd Bruder

e -~

£
e e, -
R,
s

e https:// www.yvoutube.com/watch?v=d2uxTwCuuoA

- HMDHIZBE DRt Y ENE. BREORERE CM{EZEIA I Redirected Walkingd) — &




T JDiER Enhancement of Jumg

Hiyoshi Jump " Hiyoshi Jump

https://www.youtube.com/watch?v=3 u8XXyDarw
Hiyoshi Jump, Ito et al., 2014 KO—2 B LD TERHA

Redirected Jumping:

Imperceptibly Manipulating Jump Motions in Virtual Reality

https://www.youtube.com/watch?v=kR9Y14kdgJI

(IEEEVR2019) Redirected Jumping: Imperceptibly
Manipulating Jump Motions in Virtual Reality, Hayashi et al.

https://www.youtube.com/watch?v=cWBxh3I51Hg

(CHI2020) JumpVR: Jump-Based Locomotion Augmentation
for Virtual Reality, Wolf et al. VR

Esﬁ—l‘.-v'v‘onfifm {
= : “ A

(IEEEVR 2019) Jumping Further: Forward Jumps in a
Gravity-reduced Immersive Virtual Environment, Kang &t

al. \—RATHRFREE L LIFTAHRS v 7.



(CHI2018) Flotation Simulation in a Cable-driven Virtual Environment — A Study with
Parasailing, HyeongYeop Kang, Geonsun Lee, Seongsu Kwon, Ohung Kwon, Seongpil
Kim, JungHyun Han

1
-
|

- -

TAKING-OFF

e https://www.voutube.com/watch?v=HrmV{8emmWE

o NTEAIUTIKER. IS




VR to Fly: Large Space (Univ.

. EE'J'%J'I: .m'IHI_IE %Eﬂﬁﬁﬂ EEEI,$9E KRB AT ARAT LA LargeSpace
DBIF". BRN—F LT ITERMIEE, 21(3). pp493-502. 2016.




HAE+EMEFNNMIZELHMmHEHR

Visual + Haptics feedback for more robust redirection

Unlimited Corridor: X
Redirected Walking Techniques using Visuo Haptic Interaction

https://www.youtube.com/watch?v=THk92revl1 VA

Keigo Matsumoto, Yuki Ban, Takuji Narumi, Tomohiro Tanikawa, Michitaka Hirose,
Curvature Manipulation Techniques in Redirection using Haptic Cues, IEEE 3DUI2016 "~ -




HAE+HREFNHYIZLLHMH5E

Visual + Haptics feedback for more robust redirection

This paper presents a novel |nteract|ve system that provides users
with virtual reality (VR) experiences, wherein users feel as if they are
ascending/descending stairs through passive haptic feedback.

https://www.youtube.com/watch?v=cWBxh3I[5IHg
(IEEEVR2018) Ascending and Descending in Virtual Reality: Simple and Safe System using Passive Haptics, Ryohei Nagao,
Keigo Matsumoto, Takuji Narumi, Tomohiro Tanikawa, Michitaka Hirose

. [BEOMIDYICBEDIVIETZRE. Hﬂf?ﬁ&%ﬂﬁ‘&bﬁfiﬁ?ﬂﬁ’éfﬂ”o

« The edge of the stairs are prepared to present up and down stairs. :




HEARMILD5THSE
Walk control by electrical muscle stimulation

|

o/

otion

https://www.youtube.com/watch?v=CszCx40tli8
(CHI2015) Cruise Control for Pedestrians:
Controlling Walking Direction Using Electrical
Muscle Stimulation, Pfeiffer et al.

EHRTOHTFES —Lav A&

tuates the users in #ay that t

d while still walking straightfo

y move
d in vir

https://www.youtube.com/watch?v=q6tTFzZSIJHTM
(CHI2019) Around the (Virtual) World: Infinite Walking in
Virtual Reality Using Electrical Muscle Stimulation, Auda
et al.

VRTOYSZ AU 3V A& s
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Walking navigation by waist-type hanger reflex

) |[ ﬁ&

[ Controlled Device Wearing Appearance
N 1 ‘i""“‘ W

Left Rotation(2,3) Neutral

Z : .
Waist Waist Waist
" i >

e
~ Pneumatic Actuator

= D ' Force Sense
Waist s [Pressure |

s ) Skin

Aluminum Frame Deformation
= e 1
. N

https://www.youtube.com/watch?v=7 LpCgLUuQY
Yuki Kon, Takuto Nakamura, Hiroyuki Kajimoto: HangerON: A Belt-type Human Walking Contro!ier
Using the Hanger Reflex Haptic Illusion, ACM SIGGRAPH 2017 Emerging Technologies |




Pulling ears

Y. Kojima, Y. Hashimoto, H. Kajimoto, “Pull-Navi,” Emerging Technologies
Session, ACM SIGGRAPH, 2009.

serizill rrocer

SOMPOBEN’0T 6 small motors aqUICIPE
EIEe Nippled to earlobes.




SITREDHAH
How to present “Walking” Sensation?

« BHEH. /\v T / Footstep, Passive a
 51T7HllfE] / Redirection -

e FLYFZ)L / Treadmill
o« IE55AY / Wearable

e A5 / Application

RII DM 2 FEIEHIZ L5 5 : Nilsson et al. Natural Walking in
Virtual Reality, Computers in Entertainment 16(2):1-22 - April 2018




YR JL./Treadmill Type

e 4
.......

https://en.wikipedia.org/wiki/ Treadh:ill

The belt is controlled so that user’s position 1s kept (almost) constant. .



1Rt YRS )L Linear Treadmill Devices

Figure 1 Treadport Viriual Envirenment comprising a
CAVE-like visual display and locometion interface

Sarcos Treadport Wind Display =~ ATRATLAS ATR GSS
(ASME DSC2000) Design (World Haptics ASME-DSC(1998) Design  (IEEEVR2000)
specifications for the second Conference 2009) for Locomotion Interface in ~ Development of Ground
generation Sarcos Treadport Wind display device a Large Scale Virtual Surface Simulator for Tel-
locomotion interface," Haptics  for locomotion Environment, ATLAS: ATR E-Merge system, Noma et
Symposium, Hollerbach et al. interface in a virtual Locomotion Interface for al.

environment," Active Self Motion”, Noma

Kulkarni et al. et al.



2RITTDENEZTEIRT 5 : Torus Treadmill

https://www.youtube.com/watch?v=K-v2MiKuvpw
Rear Dome 1000 + Torus Treadmill mini ¢

Hiroo Iwata : Walking about Virtual
Environments on an Infinate Floor , IEEE'99

NS AEEDFLUYRS)LEE
Treadmills with torus structure.

Figure 5. Torus Treadmill (Y motion)



Other 2D treadmills

Virtual Space Devices Inc.,

With the help of IKINEMA/ORION and HTC VIVE,

\

FINADECK presents the next/step for VR locomotion.

f

Y

https://www.youtube.com/watch?v=foHmSC-MeGA

Infinadeck(2018)




TB NI ARKRERRBRD-HDVRIREE

VR environment for mouse maze task

Toroidal  p) p projector
screen '

Optical _,
mouse

computer

s
7 fﬂAlrm N

http://www.youtube.com/watch?v=1DJOTEDBA2c

Intracellular dynamics of hippocampal place cells during virtual navigation
Harvey, Collman, Dombeck, Tank, Nature 2009.



BIERL? Virtuix Omni (2013)

http:// www.voutube.com/watch?v=5QpLUKGDFVM

o RRAMATK+EDE
» BEZEE. HMDEGFFA. 7T —LRIFICHER




BEDRENBEDKRINEL

Difference between normal floor and treadmill

f=ma

mg

N @ (0

« BE TVINORERA+EN=HEN.
Driving force = Repulsive Force of Kick + Gravity Force

o FUYRSILHEERICEDEENGSNAL. KEISEN?
Treadmil: No work by driving force.

« BEDRER GHIRKKEGRLYRIILEREL, MREHZ 5.

Ordinary solution: Use large treadmill and keep acceleration small.




TreadPort (Hollobach et al. Univ. of Utah)

EZ5|NICKYBEYGHEZSE, FLYRSILOEFRERZERFIR
Pulling force generates appropriate work, solving strangeness of

treadmuall.
Vijayakar, A., and Hollerbach, J.M., "Effect of turning strategy on maneuvering ability using the Treadport
locomotion interface," Presence. Teleoperators and Virtual Environments, 11 no. 3, 2002, pp. 247-258.
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Floor “Texture” and Tactile Display

Example 1:
Frozen Pond.

http://www.youtube.com/watch?v=AsKBigMD7fg
KA IVIZIRENIF (REIRE—H) &, MIBICIE A EFEEE

RV -EEBOME (F, K, i, etc)BIR.

Large vibrator and four pressure sensors are under each floor tile.

Tactile sensation at the instance of foot-floor contact is reproduced.
Y. Visell, A. Law, J. Cooperstock, Touch is Everywhere: Floor Surfaces as Ambient Haptic Interfaces. IEEE Trans on Haptics, 2 (3), 2009.
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Floor “Texture” and Tactile Display

bARefoot provides quick vibrations pulses (grains)

based on the user input to create virtual material experiences

|

|

= =} =

Time Fii
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Isotonic Part Isometric Part

Distance to Ground

/]
/

|
|

f|

r NI |

Resulting Vibrotactile Pattern

—r—1 b | Z Sy a1

FH 4 s }HH»'P) b

Experimental Platform

o Imtel core i7 CPU with an NVIDIA GeForee BTX 2080 GPU and 32GB of RAM
a HTC Vive Pro |'::|.'|:. 1R x 12060, 90 Mz, and 110 degrees

Wilsration Platfonm
i il Lkl

A pldier

(UIST2020) HERMITS: Dynamically
Reconfiguring the Interactivity of Self-propelled
TUIs with Mechanical Shell Add-ons

Ken Nakagaki, Joanne Leong, Jordan L Tappa, Joao
Wilbert, Hiroshi Ishii

https://www.youtube.com/watch?v=JwvXwGOvtpE

REREETCTHEDT IVAFYRE

(IEEEVR2021) Sungchul Jung, Richard Chen Li, Ryan
Douglas McKee, Mary C. Whitton, Robert W. Lindeman
Floor-vibration VR: Mitigating Cybersickness Using Whole-
body Tactile Stimuli in Highly Realistic Vehicle Driving
Experiences

https://youtu.be/ktb20KDP&Xs?t=4595

VRRSAEV G ZELIzEEICKRBIRBISES
EVREELAE S




(CHI2021) Elevate: A Walkable Pin-Array for Large Shape-Changing Terrains
Seungwoo Je, Hyunseung Lim, Kongpyung Moon, Shan-Yuan Teng, Jas Brooks, Pedro Lopes, Andrea Bianchi

https://www.youtube.com/watch?v=RINzSW3MdPw

« EVIMIOXTHMOMEZE R

* Pin matrix to represent uneven ground.




(BN RAH) RAITYRCMIZH B ENKEKR(2021)
Floor Really Moves

https:// www.youtube.com/watch?v=1cZ05sVK6()M

https://www.youtube.com/watch?v=JUR 161rk7Smg
ROV N AN—Y 2 Hh N TLETEE.

Large vibrator and four pressure sensors are under each floor tile.

Tactile sensation at the instance of foot-floor contact is reproduced. N



SITREDHAH
How to present “Walking” Sensation?

« BHEH. /\v T / Footstep, Passive a
 51T7HllfE] / Redirection -

e FLYKZ)L / Treadmill
o« 55 HY / Wearable

e A5 / Application

RII DM 2 FEIEHIZ L5 5 : Nilsson et al. Natural Walking in
Virtual Reality, Computers in Entertainment 16(2):1-22 - April 2018




A I*/ \‘J I* / Foot- Pad type

“i Iwata: Gait Master

Sarcos: Biport

¢ FEMNSLIL) D OHBD LIZES
Each foot 1s mounted on parallel link platform.

Iwata et al., “Gait Master: A Versatile Locomotion Interface for Uneven Virtual Terrain” IEEE-VR2001.



#tJE Sole

VRsneaky: Increasing Presence in VR Through
Gait-Aware Auditory Feedback

Tonja Machulla’

https://www.youtube.com/watch?v=f axV2ZFJkc

(CHI2019) VRsneaky: Increasing Presence in VR Through Gait-
Aware Auditory Feedback, Matthias Hoppe, Jakob Karolus,
Felix Dietz, Pawet W. Wozniak, Albrecht Schmidt, Tonja-Katrin
Machulla

VRZRIH D B &%, SHICE>TEIEEHIETIYEEBR
NEEs. SHEE TR Y TG

= : : Microphones
- Cameras ' B

Rhythmic Vibrations to Heels and Forefeet to
Produce Virtual Walking IEEEVR2016

Ryota Kondo, Keisuke Goto, Katsuya
Yoshiho, Yasushi Ikei, Koichi Hirota,
Michiteru Kitazaki
SITRORGEERREIZRHELTES,
BAERICEARE T EERIGEREN R LT S.




= [EZE)H 9 Move soles

-
Tracker HOH Link Structure

- e e
Ak ‘—d‘_‘“'_“a_-
i ‘ = I_ S 1 Spring
! .-.I.- | b MR-Actuator
e W T N T i o
i T W e ot

S ——— | (){ Sole

http://www.youtube.com/watch?v=zzZRw0OnAOmho
HEDIEEZHRIEL, BRGSITFES—LavE
Z21R Natural Walking navigation by controlling tilt
of shoe sole. Martin Frey, “CabBoots” 2005 Ars
Electronica

(WorldHaptics2019) RealWalk: Haptic Shoes Using
Actuated MR Fluid for Walking in VR, Hyungki Son,
Inwook Hwang, Tae-Heon Yang, Seungmoon Choi,
Sang-Youn Kim, Jin Ryong Kim

MRIL—F & FE TR ALGEIERIRTEHH



SITREDHAH
How to present “Walking” Sensation?

« BHEH. /\v T / Footstep, Passive a
» H>4T7HlfEl / Redirection -

e FLWEFZ)L / Treadmill
» 3553 / Wearable

o &A1 / Application

RII DM 2 FEIEHIZ L5 5 : Nilsson et al. Natural Walking in
Virtual Reality, Computers in Entertainment 16(2):1-22 - April 2018




AF*x—2aL—4A . 7Ski Simulator

hHFFE
A !5‘15'] .

Good example of locomotion interface for particular situation.

e XX —IFTHBEERENVSIIAL—AITERICERIE

Market 1s large, so simulator 1s already commercialized.

« BEREBEAATI—AOKXRADARMNGHAINTLS.

Most types of locomotion interface was utilized.



N T +HIRE)

Passive input & Vibration

SKIGYM

http://www.proidee.de/concept-store/nach-kategorien,
freizeit/fitness/skigym?H=AFFILIATE%00affiliate&SID=SID gRi1y4XtsmDF6FyqcLt6BjP1GhxgM -




Endlesslope

e=EN

T‘ L’ ;IJL G u,mn,.;-r,|]|.,-.~'.:~Iup['.\‘l
i r e

| http //www.youtube.com/watch?v=QUQgtRD7tk8 &NR=1
NP LYRSILIZ & DR EF—FL—F—

Ski Trainer with sloped treadmill




SkyTec Interactive Simulator

b |

—L mww#waéanﬁﬁhm a::ﬂm 1
- 9T D

https://www.youtube.com/watch?v=0TuF-RqBhWs

L TRIELISNDIESZHEEENENEIHR
EFEEYIES S AL —1avITRASIRDEFHBR
*All tilts except pan is represented to each foot.
*Accurate physical simulation




JJ)L IS L —4A 7 Golf Simulator

https://www.youtube.com/watch?v=yjM5nmaJOwg https://www.youtube.com/watch?v=9tJF4dUE9Ng

HAOFEDRARICRET DEVRY AT LDEZET A BAEEE L5751

Good example of VR system for specific situation.

JIL2IEHmEEREVN=SUIaL—2IIERIZE &1L

Market is large, so the simulator is already commercialized.

AR—ILDZRE, AR, BEOFHE. KEDTIRAFrEEEHRET

Ball velocity, direction, rotation measurement. Floor inclination and texure are also represented.



TODAY’s TOPIC

1. BERERR D AH=X L Locomotive perception
mechanism

2. 1T R {2~ How to present Walking sensation?
3. F5FE R 1~ How to present Riding sensation?
4. B RIEZ &[T H5\ A Why are they so HUGE?




EUMHABHRREAF7—X

Locomotion Interface for riding situation

« BEDOMTEILAE. Foot sensation is no longer necessary.
- RE AR RIIZIESR. Velocity is presented by optical flow.
« MEEZLNCIRTI DR

Presentation of “acceleration” is the key point.



himli

5 N7 F| A9 4.7 Utilize Gravity

Accel Decce

Simulator

decceleration ﬁ
Acceleration @

Incline the simulator, so that part of gravity can be felt as accelerations



alll 7R

4

;A [E68H(10t)

~

1,22 L —4% Simulator for training

EE64H(1.5t)

FSCAT(JAXA)

BRMtROESOTEREI T H7=8, REE. NSLILIIZANS.

To drive cockpit, huge power is required.Parallel link actuators are used.



VMS (NASA)

¢ 20x21m
1G=x0.75G

Loni 'JI’[LJ-.iIr"Ir-H
Carn age
IH"I':;"—"[I

» "“1'L-";l—'|"t|-'-: IF"Iat’rurrn
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KRN ZIaL—4

http://www?2.toyota.co.jp/jp/tech/safety/concept/driving simu.html
ER7.1mOF—LRNIZEEZHRE
F—LAIZ360EIREmAD!)—>

~— A(;t%’a‘tssm ‘FR20m D EEFHZ B EY

TR ORER, MUELER., TV D ihE BE(ICR A




(IEEEVR2021) Guillaume Vailland, Louise Devigne, Francois Pasteau, Florian Nouviale, Bastien Fraudet,, Emilie
Leblong, Marie Babel, Valérie Gouranton
VR based Power Wheelchair Simulator: Usability Evaluation through a Clinically Validated Task with Regular Users

SO
& —
1

Figure 5: Virtual circuit number 3 designed by climicians.

https://voutu.be/Ds-h1J4AMFMI?t=4615

e BEEWITDI=OHDVRUIAL—4A, BHRIZEEITHH,

* VR simulator for electric wheelchairs. For practicing before real riding.



Oy 7 —LDEImIZEREZTITS

Sheet at the tip of serial link robot arm

o

http://www.youtube.com/watch?v=CoA-m5iHG9s&feature=related




RoboCoaster (http://www .robocoaster.com/content/)

http://www.youtube.com/watch?v=gY6T61SLO30




(BZE)DYTIL) D INSLIIL)Y
Serial Link & Parallel Link

)T I DIEREGENSEH T DICEK
INSLIL) D IEKREE A (RTE) ZHE I DIZFK
Serial link 1s good for large workspace.

Parallel link 1s good for large force.



v

WEER N T — G+ 73— FLEEYT 4

Wrist-type hanger reflex + self-balancing transporter

: 4 '
e N .Aﬁﬁ%

A

https: //WWW youtube.com/watch?v=10{4z7K-gW8&

(SIGGRAPH ASIA 2018) Hanger Drive:Driver Manipulation System for Self-
balancingTransporter, Kobayashi, Kon, Zhang, Kajimoto



TODAY’s TOPIC

1. BERERR D AH=X L Locomotive perception
mechanism

2. 1T R {2~ How to present Walking sensation?
3. EERRT IR R How to present Riding sensation?
4. B RAEZE TS5 A Why are they so HUGE?




Why are they so huge?

+ BIESREIRE-BE-MELELY, BRESHNFHLTLENS
Tyt AT 2RYELTIHZF T ITEMNZELL.

* Vestibular system 1s not exposed to environment=We can not display
“essence”, but rather, we must reproduce environment.

W\~



RIEZ AL RIET B

Stimulate Vestibular Stimulation from around

http://www.youtube.com/watch?v=H4i1QkFUgG6k
- RERB:EITKBKERLIOIEICLHIRTEE. RERIREE (KA

DT AR)IZIA  Temperature change by water produce vestibular activity.
. BRARERERT CLISLAMEE (:

Electrical Direct Current from Around Ear Produce Vestibular Activity




BIEEE SR Galvanic Vestibular Stimulation

http://www.youtube.com/watch?v=0OIXYqfOHNuA (ACE2006) Nagaya et al., Gravity jockey: a novel
http://www.youtube.com/watch?v=guaiDZdsDjl music experience with galvanic vestibular
http://www.youtube.com/watch?v=pmoUU4M4xkc stimulation. ACE2006.

Maeda et al., “Virtual Acceleration with HERHSEKTOGVSIE, BEDENTIEARL

g =
lvan bular Stimulation in Virtual EorPIENEHTINS
Galvanic Vestibular Stimulation in Virtua Relatively high-freq. GVS produces sensation of

Reality Environment”, IEEE VR 2005 “world shake”, rather than self motion.




(CHI2014) Haptic Turk: a Motion Platform Based on People, Cheng et al.

'ﬁ'.'l

_—

\J*

Haptic' B

a motion platigiEPased on people

https://www.youtube.com/watch?v=QFsNmSrgOY4



Visualift: TLRN—%%

Thislis demons*rr'a‘rlons of VR content using VisuaLift S’rudlo
such'as free-fall experlence using sensory illusion of

‘ﬁ\

movement:. AT ‘
Q-.. “:‘ 1 -‘;\\\.\\.

M. Koge, T. Hachisu, H. Kajimoto: VisuaLift Studio: Study on Motion Platform using
Elevator.IEEE 3DUI 2015, March 23-24, 2015, Arles, France.

.\*



(IEEEVR2021) Jen-Hao Cheng, Yi Chen, Ting-Yi Chang, Hsu-En Lin, Po-Yao
(Cosmos) Wang, Lung-Pan Cheng
Impossible Staircase: Vertically Real Walking in an Infinite Virtual Tower

this process,

climbing an

Lifter

~ One-level scaffold

https://voutu.be/ob7y6ms48fc?t=4158

« BER+FRESFTERIZENS. RYNSVRERZET-,

 AVR world where you can climb up and down infinitely with stairs + elevators.



N

https://www.youtube.com/watch?v=HZxtFGigfJA
Kraken Unleashed 2017 FULL Virtual Reality POV at SeaWorld Orlando




Ryo Kodama, Masahiro Koge, Shun Taguchi, Hiroyuki Kajimoto:COMS-VR: Mobile Virtual Reality Entertaintugnt
System using Electric Car and Head-mounted Display, IEEE 3DUI2017,Los Angels, USA, March 2017.



Summary

- Fansn

https://en.wikipedia.org/wiki https://en.wikipedia.org/wiki/Readyhttps://en.wikipedia.org/wiki
/The Matrix Player One (film) /Sword_Art_Online

+ BEREAUITI—RAFIVRERBED-HDHRENOERRXDZRE.
Locomotion interface is the last and the most difficult.

« FICHTREICEALTE, MEDFRENTT4v7.
For walking, half part 1s haptics.

« RAKXBREIE, FIEREZNEBNORIELICKNIE. SOOIyt R%EIR
T ADELDEKYIE, REFEICIRRTEIERVATLEGYMNS.
Problem occurs since vestibular system cannot easily stimulated from around.
System becomes so huge.

o [FEAEDEIGAHIFIL—ILA—IATRLVOMNELNLLY. LALENTIE
MATRIXTE Rt R L DT EAH L.
Most practical application may not require accurate vestibular stimulation. But vve
cannot realize the MATRIX world that we dreamed. |




INT AR — BRI LLANIZIRH

Min Test: Submit in one week
LUTDETIZI00F LLNIEE THEEH & Answer all questions within 50 words

= » b=

NP2 322D TERBAHE & Explain vection.
FIRED®EZDULVTERBAHE K Explain role of semicircular canals.
BEARz=DEZENZDULTERBAE K Explain role of otolith.

BEDKRECLYRZILDEWZDULNTERBAE K Explain difference between
normal floor and treadmill.

T IO DR RIZ DN TERBAE & Explain merit of serial link
manipulator

INSLIV) DR EIZDLTERBAE &K Explain merit of parallel link
manipulator

7. mERKREEIZC DL TEBAE & Explain caloric test.

FIEESRIHIZ DU TERBAE & Explain galvanic vestibular stimulation



